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The primary step in sequencing peptides by the 
solid-phase Edman degradation [l] is attachment 
of the peptide to an insoluble resin, generally by 
blocking the peptide amino groups and then acti- 
vating the C-terminal carboxyl with carbonyldiimi- 
dazole [l] or a carbodiimide [2-41. A problem 
limiting the usefulness of the solid-phase method 
is that the side-chain carboxyls of aspartic and 
glutamic acids also become activated, with the re- 
sult, at least when carbonyldiimidazole is used, 
that the y-carboxyl of glutamic acid becomes bound 
to the resin and that aspartic acid apparently forms 
a cyclic imide which prevents further degradation 
of the peptide [i] . Although procedures for selec- 
tive blocking of side chain carboxyls have been 
devised [2], they involve a number of steps and are 
often unsuitable for use with nanomole amounts 
of peptide. A procedure we have found to be partic- 
ularly useful for tryptic peptides involves attaching 
them by their lysine e-amino groups to aminopoly- 
styrene usingp-phenyl diisothiocyanate. Arginine 
peptides are first deguanidated with hydrazine [5], 
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and the resulting ornithine peptides are coupled by 
their &-amino groups (fig. 1). 
2. Experimental 
2.1. Attachment of peptides using p-phenyl diisothio- 
cyanate 
The peptide sample (usually 20- 100 nmoles) was 
evaporated to dryness in a 13 X 100 mm test tube 
and was redissolved in 0.05 ml of N-methyl-morpho- 
line-water (1: 1, adjusted to pH 9.5 with CF,COOH). 
To this was added 1 .O mg (5 pmoles) of p-phenyl 
diisothiocyanate (Eastman) in 0.1 ml of dimethyl- 
formamide (DMF). The solution was heated at 45’ 
for 30 min and was transferred with a Pasteur pipette 
to a second 13 X 100 mm test tube containing 35 mg 
of peptide resin? previously swollen in 0.75 ml of 
DMF. The first tube was washed with 0.1 ml of DMF 
which was added to the resin. The resin mixture was 
stirred at room temp for 75 min and 0.1 ml of 50% 
CH,CNS in CH,CN and 0.1 ml of sequencing buffer 
(IV-methyl-morpholinium trifluoroacetate at pH 8.1 
and pyridine (2:3); see [l] ) were added to block ex- 
t Aminopolystyrene, prepared by nitration of BioBeads SX-I 
(minus 400 mesh) and subsequent reduction of nitro groups. 
The synthesis of this resin is as described earlier [ 11 for an 
ethylenediamine aminopolystyrcnc resin except that the 
chloromethylation and ethylenediamine reaction steps are 
omitted. 
North-Holland Publishing Company - Amsterdam 67 
Volume 2 1, number 1 FEBS LETTERS March 1972 
NCS 
(Ornl 
-Resin7 
I;H NH 
c.s 
(4H 
$5 
YH 
,IN 
Y 
Edman degrcdation 
B___* 
q=s 
NH 
NH2m-COOH @ = Ammo acid 
(Orn) 
Fig. 1 
cess resin amino groups. Stirring was continued for 
75 min longer, and the resin was then washed 3 times 
with 8 ml of CH,OH by centrifugation and pipetting 
off the solvent. After drying under vacuum, the 
resin (dry weight, about 50 mg) was mixed with 
950 mg of glass beads and the mixture was packed 
into a degradation reaction column for sequencing 
[Il. 
2.2. H~~drazinol~Ms ofarginine peptides 
A peptide sample in a 13 X 100 mm test tube was 
heated in an oil bath at 10.5” for 30 min in 0.50 ml 
of 20% hydrazine. Vapors were condensed by cir- 
culating water through thin-walled rubber tubing 
wrapped around the upper portion of the tube. The 
solution was then evaporated on a rotary evaporator. 
Traces of hydrazine were removed by coevaporation 
twice with 0.5 ml of 5% aqueous N-methylmorpho- 
line and finally by evacuation in a desiccator over 
P,Os using an efficient vacuum pump. The residue 
was then attached to the peptide resin as described 
above, 
2.3. Degradation of peptides and analysis of phenyl- 
thiohydantoins 
Peptide degradation was performed using an 
automatic sequencer similar to that described earlier 
[ 1 ] ; minor modifications in the procedure include 
the use of S%, rather than 20%, 3H-phenyl isothio- 
cyanate in CH3CN and the addition of 0.002 M 
dithiothreitol to the trifluoroacetic acid. Phenyl- 
thiohydantoins were analyzed by the isotope dilu- 
tion method [ 1,6] Radioactive phenylthiohydan- 
toins released from the peptide were added to a mix- 
ture of unlabeled phenylthiohydantoins correspond- 
ing to the amino acid composition of the peptide. 
The mixture was separated on silica gel-coated 
aluminum sheets (E. Merck Alufolien, No. 5554/ 
0025), and UV-absorbing spots were cut out and 
counted in scintillation vials. 
3. Results 
The work of Dowling and Stark [7], who used 
an insoluble isothiocyanate resin to degrade peptides. 
suggested to us the possibility of using such a resin 
to anchor peptides by their lysine e-amino groups, 
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Table 1 
Degradation of 35 nmoles of a peptide from ribosomal. protein S4 attached by 
the diisothiocyanate method. 
March 1972 
Cycle Asp GlU Asn Gln Thr 
Counts/min minus background 
Lys A-Thr 
GlY Phe Leu 
0 1 0 0 0 0 0 0 
0 3 5 0 1 161 0 0 - 
2 2 0 0 35 0 2_9 0 
99 1 1 0 3 0 0 3 
10 6 0 5 6 10 1 85 
0 0 4 0 0 1 75 14 
0 0 0 0 0 5 B 106 
4 2 0 1 3 5 7 3 
Amino 
acid 
Cl\ 
GlY 
Thr 
Asp 
Leu 
Phe 
Leu 
Lys 
Thirty per cent of the phenyhhiohydantoin mixture was chromatographed on silica gel plates using CHCl,-CH,OH (9: 1) as 
solvent, and UV absorbing spots were counted; A-Thr: dehydrothreonine. See text for details and discussion. 
Table 2 
Degradation of 75 nmoles of bradykinin after hydrazinolysis 
and attachment by the diisothiocyanate method. 
Cycle Ser GlY Phe Pro 
Counts/min minus background 
0 2 0 0 
14 7 0 397 
12 18 58 325 
40 330 30 0 
69 0 258 11 
165 21 41 13 
26 0 23 157 
24 0 160 0 
0 0 0 0 
Amino 
acid 
Arg (Orn) 
Pro 
Pro 
GlY 
Phe 
Ser 
Pro 
Phe 
Arg (Orn) 
Thirty per cent of the phenylthiohydantoin mixture was 
chromatographed in CHCI,-CzHsOH (98:2). 
the advantage being that side reactions due to carboxyl 
activation could be avoided entirely. Our attempts to 
attach and degrade peptides on isothiocyanate resins 
were not entirely successful, but we found that we 
could achieve the same goal by coupling peptides to 
our standard peptide resin, aminopolystyrene, using 
p-phenyl diisothiocyanate. As is indicated in fig. 1, the 
peptide becomes attached by both the side chain and 
N-terminal groups. During the trifluoroacetic acid 
cleavage step of the first cycle of the Edman degra- 
dation, the bond between the first two amino acids 
is split, giving a shortened peptide which can be de- 
graded further in the usual manner. Although no 
phenylthiohydantoin is detected for the N-terminal 
amino acid since it remains bound to the resin, its 
identity can usually be deduced from the difference 
between the amino acid composition of the peptide 
and the phenylthiohydantoins detected, or by hy- 
drolysis and amino acid analysis of the resin after 
degradation. 
Yields in coupling peptides to resins are high, 
ranging from about 80-100% for peptides of up to 
30 amino acids in length. Loadings of at least 100 
nmoles per 35 mg of peptide resin (the usual amount 
used in this work) can be obtained for peptides such 
as the insulin B-chain; smaller peptides are attached in 
greater amounts. The reaction conditions described 
here are not particularly critical, and reaction times 
and concentrations of p-phenyl diisothiocyanate 
can be varied considerably without affecting attach- 
ment yields. A large excess of diithiocyanate (greater 
than 0.1 mg per mg of resin) should be avoided 
because it competes with the activated peptide fog 
sites on the resin. 
3.1 . Lysirze peptides 
Table 1 shows the results of degrading 35 nmoles 
of a tryptic peptide from the ribosomal protein S4. 
having the composition, Asx, Thr, Glx, Gly. Leu,. 
Phe, Lys. From the data in table I, the sequence Glx- 
Gly-Thr- Asp-~Leu~Phe-- Leu -Lys can be deduced. 
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The N-terminal must be Glu or Gln, because these 
appear nowhere else, and the C-terminal must be Lys, 
because this amino acid holds the rest of the peptide 
on the resin. Aminopeptidase M digestion of a small 
sample of the peptide followed by amino acid anal- 
ysis showed that it contained Glu, but not Gln, and 
therefore that Glu is N-terminal. Asp, rather than 
Asn, appears in cycle 4. The time required for se- 
quencing this peptide, including attaching the pep- 
tide to the resin, degradinb it, and analyzing the 
phenylthiohydantoins was 33 hr and involved about 
5 man-hr of labor. 
3.2. Arginine peptides 
Arginine peptides can also be attached to resins 
after hydrazinolysis of arginine to ornithine accord- 
ing to Shemyakin et al; [S] . Table 2 shows the 
results of degrading bradykinin which has been de- 
guanidated with hydrazine. The sequence is clear 
even though one observes a high background (cf. 
table 1) due to new end groups formed by hydrazino- 
lysis of peptide bonds. Hydrazinolysis of at least 
a few peptide bonds is probably unavoidable and 
may limit the method to use with smaller peptides. 
In addition, certain side reactions can be anticipated; 
for example, hydrazinolysis of the side chain amides 
of glutamine and asparagine [8] to give rise to 
hydrazides which can become coupled to the resin, 
or in the case of asparagine, peptide bond cleavage 
of the type observed with hydroxylamine [9]. 
3.3. Potential of the method 
The diisothiocyanate method possesses ome 
unique features in that only peptides containing a 
side chain amino group can be attached and degraded 
on a resin. Thus other contaminating peptides or 
amino acids which become attached only by their 
N-terminal amino groups will not give rise to extra- 
neous phenylthiohydantoins. In cases where an argi- 
nine peptide contaminates a lysine peptide or vice 
versa, it should be possible to sequence either selecti- 
vely. Thus, if a mixture of the two is coupled to a 
resin, only the lysine peptide will be coupled by its 
side chain. If the mixture is treated first with t-butyl- 
oxy carbonyl azide [ 1, lo] , thereby blocking the 
N-terminal and lysine e-amino groups, and then with 
hydrazine, the arginine (ornithine) peptide will be 
selectively attached. 
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